Virulent form I Shigella sonnei strains contain a 120-megadalton plasmid that is absent in their form II derivatives, which are always avirulent and devoid of 0 side chains. In the present study, 165 biochemical and antibiotic traits were assessed, but no experimentally useful phenotype could be associated with this large form I plasmid. Therefore, the form I plasmids of several S. sonnei strains were tagged with the antibiotic resistance transposons Tn3, Tn5, or Th1O. Transposon-tagged form I plasmids were not self-transmissible, but could be mobilized by the plasmid R386. Form II S. sonnei transconjugants for the form I plasmid acquired both virulence and the ability to synthesize form I antigen, establishing that these properties are plasmid mediated. Further studies indicate that this 120-megadalton form I plasmid is physically unstable in any of several host bacteria and suggest that it is a member of the FI incompatibility group. Also, two commonly observed, small plasmids of S. sonnei, of 3.2 and 3.9 megadaltons, were shown to encode either colicin El production or resistance to streptomycin and sulfonamide, respectively.
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SANSONETTI, KOPECKO Form II derivative of WR6062 apro, met, trp, thr, leu, thi, his, and nad, Requirement for proline, methionine, tryptophan, threonine, leucine, thiamine, histidine, and nicotinic acid, respectively; lac, lactose nonutilizing; recA, recombination deficient; nal, nalidixic acid resistant; azi, azide resistant; Col E1+ = colicin El production and immunity; Strr, Sul', and Kan', resistance to streptomycin, sulfonamides, and kanamycin, respectively.
bNT, Not tested. ' Walter Reed strain number.
d All positive, except those harboring R386 or F',,lac-:Tn5.
420C was employed to maintain or to eliminate, respectively, the temperature-sensitive plasmids. Nutritional supplements for auxotrophic strains were made at 0.1% final concentration, when necessary, and carbohydrates were added at 0.5%. Antibiotics were used at the following final concentrations: kanamycin (Kan), 100 jig/ml; tetracycline (Tet), 20,g/ml; nalidixic acid (Nal), 50 isg/ml; and streptomycin (Str), 500 lig/ml. Plasmid transfer. Purified donor and recipient cells were grown at 37°C in Penassay broth until midexponential phase; 0.2 ml each of the donor and recipient cultures were then mixed in 10 ml of Penassay broth. After overnight incubation, the mating mixture was centrifuged and washed in saline, and appropriate dilutions were plated on selective medium. The transfer frequency was expressed as the ratio of the number of transconjugants per input donor cell. Alternatively, when transfer was not detectable in broth matings, donor and recipient bacteria were grown together on the surface of a TSA plate. After 24 and 48 h of incubation, mating mixtures were harvested, and appropriate dilutions were plated onto selective medium. Transconjugants, always purified twice by single colony isolation onto selective medium, were then tested for nutritional, antibiotic resistance, and virulence characters as well as for agglutination by specific antisera. Conjugal-transfer of plasmids that are temperature sensitive for replication was conducted at a permissive temperature (320C). Plasmid incompatibility group determination.
Reference plasmids of known incompatibility groups were transferred from E. coli K-12 J53 into form I S. sonnei strain 482-79. Transconjugants were selected and purified on minimal medium, with appropriate supplements, containing an antibiotic to which the reference plasmid specifies resistance. Stability of the form I plasmid was measured as described above by streaking form I transconjugant clones on media lacking antibiotics. Four hundred resulting colonies of each strain were then randomly selected and examined for colony morphology (i.e., the form I-form II state). In addition, half of these colonies were replicated onto TSA with the appropriate antibiotic to measure the stability of the reference plasmid. As a control measure, form U derivatives of strain 482-79 carrying each of the reference plasmids were examined to verify the stability of these plasmlds in this host.
Plasmid DNA isolation and agarose gel electrophoresis Bacterial cells cultured in brain heart infusion broth overnight were washed twice in TE buffer [0.05 M tris(hydroxymethyl)aminomethane, 0.02 M disodium ethylenediaminetetracetic acid, pH 8)]. The resulting cell pellet was weighed and resuspended in TE buffer (100 mg of bacteria per 0.5 ml). Plasmid DNA was prepared by the procedure of Casse et al. (1) and examined by electrophoresis in 0.7% agarose slab gels as described previously (10) .
Colicin assay. Colicin production or immunity was assayed by inoculating the center of a TSA plate with either a potential or a known colicin producer. After 48 h of incubation, plates were inverted over CHC13 and overlaid with a suspension of either colicin-sensitive or colicin-immune bacteria in 0.6% nutrient agar. After a further 24 h of incubation, a wide clear zone was observed in the colicin-sensitive lawn around colicin-producing strains, whereas colicin-immune lawns 78 SANSONETTI, KOPECKO, AND FORMAL
RESULTS
Search for phenotypic traits on the form I plasmid. Independent transfer of the large plasmid, which is known to encode form I antigen synthesis (10, 14) , into form II cells with concomitant reestablishment of virulence is needed to prove that this plasmid is required for virulence. However, neither form I antigen synthesis nor virulence is a useful experimental selective trait for the monitoring of plasmid transfer. Thus, an attempt was made to identify any character of selective value expressed by the form I plasmid. Five different form I S. sonnei strains were examined for phenotypic differences compared with their respective form II derivative strains. The properties examined included: resistances to 14 antibiotics commonly mediated by plasmids in gram-negative bacteria (e.g., ampicillin, carbenicillin, cefalothin, streptomycin, kanamycin, gentamicin, amikacin, tetracycline, chloramphenicol, sulfonamide, and trimethoprim); as well as 150 metabolic characters consisting of sugar utilization, organic acid degradation, and amino acid-synthesizing abilities (API systems; Analytab Products, LaBalme-lesGrottes, France). No differences, other than form I antigen expression and virulence, were observed between these isogenic sets of form I and form II strains. Previous results indicated that form I, but not form II, S. sonnei cells could grow on SS agar, apparently due to the increased resistance of the forner to bile salts (14) . However, further study has shown that mutants of form II S. sonnei which grow well on SS agar arise spontaneously at frequencies of 10-4 to 10-6, but these mutants are still avirulent. These findings effectively eliminated the use of SS agar as a selective medium in conjugal transfer studies. Attempts to identify the production of or immunity to any bacteriocin coded for by these form I plasmids were unsuccessful, as were attempts to correlate the loss of the form I plasmid with any difference in the ability of five different S. sonnei strains to compete with the iron chelator aa'-dipyridyl for iron uptake in M9 medium. Thus, no phenotypic property of the form I plasmid was detected which could be used to monitor the transfer of this plasmid.
Phenotypic tagging ofthe form I plasmid. To tag the fonn I plasmid of S. sonnei strain 482-79, an F'tlac::Tn5 plasmid served as the Tn5 donor, and the procedure described above was used. The initial 482-79 form I transconjugants for the F'tlac::Tn5 plasmid had acquired the ability to utilize lactose, as expected, but had lost virulence ( Transfer of the transposon-tagged form I plasmid. As reported previously (10) Tetr to E. coli K-12 J53 Nalr. Subsequently, each donor strain listed in Table 3 Fig. 1, lane E) , whereas the avirulent form I transconjugants had received two large plasmids, pWR105 and R386 (Fig. 1, lane F) .
In a further extension of these studies, the S. sonnei 482-79 strain WR6052 Identification of properties on small S. sonnei plasmids. Examination of the plasmid DNA of different S. sonnei strains has revealed the presence of several commonly observed small molecular species (Fig. 2, lanes A through  D) . An attempt was made to identify functions encoded on these plasmids. Virtually all S. sonnei strains examined, regardless of geographic origin or colonial form (I or II), were found upon testing to produce and to exhibit immunity to colicin El. The only common plasmid species observed among these strains was estimated to be 3.2 Mdal in size (Fig. 2) when the electrophoretic mobility of this DNA species was compared with that of known reference plasmids ranging between 1.36 and 35.8 Mdal (data not shown) (14) . In addition, most S. sonnei strains originally isolated in France expressed resistance to both streptomycin (miniimal inhibitory concen-S. SONNEI VIRULENCE PLASMID 81 tration, 256 ,ug/ml) and sulfonamides (miniimal inhibitory concentration, 1,024 ,tg/ml). These latter strains harbored an additional plasmid species estimated to be 3.9 Mdal in size (Fig. 2,  lanes B and D) . Furthermore, streptomycin and sulfonamide resistances were lost en bloc after culture at 42°C of strain 482-79 form II; all of the resulting derivative strains had lost the 3.9-Mdal plasmid species, as exemplified in Fig. 2 , lane E. To prove that the 3.2-and 3.9-Mdal plasmids encode, respectively, colicin El production and Strr-Sulr, purified plasmid DNA from strain 482-79 II (WR6027) was used to transforn the plasmid-free E. coli J53 strain. Two types of transformants were observed: 85% had concomitantly acquired Str" and SulY and contained only the 3.9-Mdal plasmid species, which has been termed pWR108 (Fig. 2 , lane F), whereas 15% had received both the 3.9-and 3.2-Mdal plasmids and were Strr-Sulr as well as colicin El producers (Fig. 2 , lane G). It appears that the smallest plasmid termed pWR109 in 482-79 encodes colicin El production and immunity, and the 3.9-Mdal plasmid encodes both Strr and Sulr. DISCUSSION Plasmids participate in the virulence of bacteria in several ways (e.g., production of toxins, colonization antigens, serum resistance, and iron sequestering systems; reviewed in reference 4). The results of recent studies have suggested, but not directly proven, that plasmids are involved in the virulence of invasive pathogens like S. sonnei (10, 14) and yersiniae (reviewed in refer- During the pWR105 mobilization studies, theposition many different conjugative plasmids, including DNA. The R386, were able to promote the transfer of Kanr lasmids are independently of the form I trait. In some cases, data indicated that Tn5 had transposed to the mobilizing plasmid, since Tetr and Kanr could be dentifiable transferred en bloc from these form II transconrability of jugants (unpublished data). Alternatively, the iously sty-Tn5 unit may have transposed to a small nonare essen-conjugative plasmid in the donor, which then was mobilized by the conjugative plasmid. In roving that addition, we observed in these studies that the ry for form FI incompatibility group plasmid R386 inhibits virulence. the virulence of S. sonnei. Further examination ic property of this phenomenon, which has been noted prethe form I viously (10), has revealed that many FI incomrains were patibility group plasmids inhibit the Sereny reresistance action of all Shigella species (Sansonetti et al., 1) . No self-manuscript in preparation). These observations smids was suggest that the plasmids encode a product that tings were interferes with the invasive process.
-s both in The instability and non-self-transferability of aently, the the form I plasmid prevented us from performing R386 was classical incompatibility studies. Nevertheless, I plasmid. the results of plasmid segregation observed on r the form solid nutrient medium clearly indicate that the uired both formn I plasmids are members of the Fl incom-:e the form patibility group. These findings seem paradoxiy establish cal since many FI incompatibility group plasvirulence. mids inhibit the invasiveness of shigellae in the to be mul-Sereny test. However, the form I plasmid may n of chro-have altered or may not carry the locus responisly for S. sible for virulence inhibition. described
In contrast to the relative stability of most I plasmid large unicopy plasmids, the form I plasmids exigen corre-amined here are intrinsically very unstable. popolysac-Their spontaneous loss was monitored on solid nutrient medium because form I cells preferentially outgrow form II cells in broth (i.e., form II cells appear to be more sensitive to colicin El at pH 5 to 6; unpublished data). S. sonnei strains were observed to lose the form I plasmid at a consistent frequency ranging from 1 to -50% for different strains. These findings raise important questions. Why does S. sonnei carry genes that control the synthesis of the somatic antigen and the expression of virulence on an unstable extrachromosomal element, and what selective pressures maintain the virulent state?
Finally, physical and genetic analyses have revealed that all S. sonnei strains thus far examined (i.e., >20 worldwide isolates) carry a 3.2-Mdal Col El plasmid which may provide these strains with some advantage (e.g., inhibition of competing bacteria). The presence of a 3.9-Mdal strr-sulr plsid in S. sonnei strains isolated from Europe might reflect the use of these antibiotics.
